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Abstract— Applied force was measured in vivo during
vitreoretinal surgery in rabbits, in three types of task:
membrane peeling, vessel puncture/cannulation, and
vessel dissection. Quantitative results are presented and
compared with similar measurements taken in vitro in a
porcine retina, in which no scleral interaction is present.
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1. INTRODUCTION

Microsurgery entails complex manual manipulations
that are hampered by the limits of human performance [1].
Methods to overcome the limits of manual positioning
accuracy have been the subject of several investigations in
recent years, leading to the development of a variety of
different types of accuracy-enhancement systems [2-4].
Some of these systems may enable new types of
microsurgical procedures in the near future.

The limits of human force perception present another
difficulty. Gupta et al. recorded axial tool shaft forces
during retinal manipulation in vitro in porcine cadaver eyes
and determined that 75% of all measured forces are below
7.5 mN in magnitude [5]. Their subsequent tests of
perception of force showed that only 19% of events at this
force level were felt by the surgeon. These results indicate
that much of clinical vitreoretinal microsurgery is being
performed solely with visual feedback, a condition that has
been shown to be detrimental to performance [6]. Force
feedback during microsurgery therefore has the potential to
improve both accuracy and task completion time.

In recent years there have been several investigations of
force sensing for microsurgery or micromanipulation.
Salcudean et al. have presented results from microsurgical
experiments in vitro using force-reflecting teleoperation [7],
and Tokuyasu and Kitamura have presented in vitro results
for reflected feedback of torque [8]. Zhou et al. have
presented similar results in non-surgical microassembly
tasks [9]. Several other investigators have reported results
from in vitro sensing of force in microsurgical systems
[5,10]. Not all of these sensors provide three-axis sensing,
however, and some of them are not of suitable size for
incorporation within a handheld vitreoretinal microsurgical
instrument. As a result, Berkelman et al. [11] designed a
triaxial force sensor specifically for mounting within such
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an instrument. This sensor is a double cross design with
eight strain gauges connected in four half bridges.

This paper presents a study of applied tool tip force
during vitreoretinal microsurgery in vivo, to verify the
results in vitro reported in [5], using the sensor presented in
[11]. The study is also a step in the development of a force
feedback system usable in clinical microsurgery with
handheld instruments.

II. METHODOLOGY

The sensor presented in [11] was recalibrated and used
for this study. It was fitted to a handheld microsurgical
instrument as shown in Fig. 1. The strain gauge bridge
outputs were connected to signal conditioner/amplifiers
(S7DC Transducer Amplifier, RDP Group, Wolverhampton,
U.K.). The four amplifier outputs were digitized at 100 Hz.

Vitreoretinal microsurgery was performed in rabbits at
the Doheny Eye Institute of the University of Southern
California. Tests were performed in a total of five eyes in
three rabbits. Three types of tasks were performed:

e  Peeling of the internal limiting membrane using a

bent needle tip (N=60 discrete events);

o Puncture of retinal vessels using a micropipette

(N=20);

e Dissection of vessels (separating them from the

retina) using a spatula-type pick (N=44).

Between 30 and 60 minutes of data were recorded from
each eye. Each procedure was videotaped through the
operating microscope. The video and force recordings were
synchronized. Data were recorded and processed in three
dimensions: x, y, and z (with z being the long axis of the
instrument). After visual inspection of data files to identify
the approximate frequency content of the manipulation
events using the instrument tip, data were highpass filtered
to isolate these events from other measured force
components apparently stemming from scleral contact. The
filter was an eighth-order Butterworth highpass filter with a
cutoff frequency of 0.1 Hz. Using the synchronized video,
the specific segments of the force recording in which the
tasks of interest were performed were extracted from the
overall recording for purposes of data analysis. These
highpass-filtered segments were then concatenated to make
one data set for each of the three tasks. The root mean
square (rms) amplitude and the total range was computed for
each axis of each data set.

The same procedure, including video recording, was
repeated in vitro with an isolated cadaver pig retina for the
vessel puncture (N=20) and dissection (N=9) tasks. Fig. 2
displays an image from the video recording. There was no
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sclerotomy in the pig retina test; the anterior portion of the
eye was excised.

Fig. 1. The surgical instrument fitted with the triaxial force sensor. (a) As
used in surgery, with the end cap over the force sensor. (b) With the end
cap removed, showing the tip force sensor.

Fig. 2. Retinal surgery in vitro in a porcine retina using the force sensor.
The needle in the left half of the image is contacting a retinal vessel, which
can be seen as a dark wavy line stretching from the needle tip toward the
right side of the image.

III. RESULTS

Table I presents the rms amplitude and maximum
amplitude as estimated for membrane peeling in vivo in
rabbits. Table II presents rms amplitude and maximum
amplitude for retinal vessel puncture in vivo. Table III
contains the rms and maximum amplitude results for retinal
vessel dissection in vivo. Figs. 3-5 display the y coordinate
of the filtered concatenated data sets from which the data in
these tables are obtained.

Tables IV and V show the corresponding results for
vessel puncture and dissection, respectively, in vitro in the
porcine retina.

TABLEI
MEASURED FORCE DURING MEMBRANE PEELING IN VIVO

L Range
Direction RMS (mN
(mN) (mN)
X 56 501
Y 54 463
Z 357 3142
TABLE 11

MEASURED FORCE DURING VESSEL PUNCTURE IN VIVO

Direction RMS (mN) ]z;"]f)e
X 2 To1
Y 27 171
z 74 486
TABLE IIl

MEASURED FORCE DURING VESSEL DISSECTION IN VIVO

Direction RMS (mN) 1::3\%6
X 25 217
Y 15 124
VA 575 5877
TABLE IV

MEASURED FORCE DURING VESSEL PUNCTURE IN VITRO

Direction RMS (mN) 1?[?3\%;
X 13 111
Y 8 81
zZ 20 181
TABLEV

MEASURED FORCE DURING VESSEL DISSECTION IN VITRO

Direction RMS (mN) l;;g\%e
X 1 25
Y 1 16
z 67 82

IV. DISCUSSION

The membrane peeling task performed here is similar in
nature to epiretinal membrane peel procedures that are
frequently performed, and it is expected that the forces
recorded are similar.  The vessel puncture task is
comparable to the manipulation that is necessary to perform
retinal vein cannulation. The forces measured during vessel
dissection or separation from the retina are expected to be
similar to those that would be applied during arteriovenous
sheathotomy.

The force values obtained for the porcine cadaver retina
are comparable to those reported in [5], though perhaps
slightly higher. The forces obtained in vivo in rabbits are
considerably higher. This would appear to be due to contact
with the sclerotomy. It seems likely that discrimination
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between forces applied at the tool tip and forces due to
contact with the sclera seems likely to be a significant
challenge in the development of useful force feedback for
vitreoretinal microsurgery.

Fig. 3. The filtered concatenated data set for membrane peeling in vivo in
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Fig. 4. The filtered concatenated data set for vessel puncture in vivo in
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Fig. 5. The filtered concatenated data set for vessel dissection in vivo in
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